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PO AN R AR TE R W T B ) — R B RO
SEF R ZUAIEVE W BE . 7E H AT A AR, B
A 2 N T R T 26,5 CRYMAHT TR . P
JE ATV S A Bk R AN I Bl i Ry A R T R, L
AEAE W 8 (9 4F B R AR AR R ZE £k ( Chan, 2005 5 3 3% %%
4,2021)  FZWFFEERIT, TC 1Y & J | I A% F o JiE
5 55 2R AL Y R R BR 458 37 %5 D AH OC ( Emanuel
1987 ; Wu and Wang,2008 ; J4 i 45,2012 ; & A5 4l 45,
2015,2022; 2 F| fk &, 2016 §iF 57 2 45, 2019)
I IRAFFE R R B % TC A= i 4 B A
H % % Y (Ritchie and Holland, 1999) . & T 4 2
TCGF {yZ=17 224k, Gray (1975) F| I JZ AH X i JEE
FHRZH o 1 X2 PR FARE T % 500 hPa
() 7K PR JBE B X it )22 v 2 AR I B 4 6 AN S
B, T TCGF (1 Z=7 4= il 48 %4 ( Seasonal Genesis
Parameter, SGP) ., SGP 45 =3 iS5 =1

T2 280, e AT AT O A Y 0 B AR
(Gray,1968) , X4 SGP ] LA s 48l & TC i 5l
14 2 15 F1 25 (8] 3 A AL ( Gray , 1975,1979) , {H AR
PRIV VE Y TCGF 445 B A2 A6 75 T A7 18 5K M 22
(Watterson et al., 1995 ; Menkes et al.,2012) , Royer
et al. (1998) FH IR Bh It 455 =X b A o0 9 g K AR 4
T F, ¥ & T CYGP ( Convective Yearly Genesis
Parameter ) 5§ %4 ( GPI.., ) , Caron and Jones ( 2008 ) X}
Fo 7 BIRPAS R HUS Ny S A 5 HORS RE Al 4R
TC A= By 5 X 3, {2 GPI., ¥ 1& ] T 4 BR 28 1%

db KL
H Ao

Emanuel and Nolan(2004) 7 SGP ¥ %3t al I,
PE T —A> GPL R, %58 KUl 1 T 145 850 hPa
26 %) 15 £ 600 hPa A X ¥ B | fie KW 72 38 JZ (Em-
anuel, 1987 ; Bister and Emanuel, 1998) . 850 %I 200
hPa 2 [A] {1 2 B XU AZ 75 9 19 5 e <O A= i B
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FRM LD RREREEH F . 5 SGP M Ik, GPI,
TR A ACTE T e RO e v B AURE T TR AARE .
Royer et al. (1998) 45 1 , fE BB HE 5 56 K iR M
TR EE P2 T, SGP I 15 1) v 35 1L 52 19 {8 7] BB 23
AU 15 S ek 22 T 22 4k, RS B T T R ok R
16 o 1M1 GPLyy 48 HOAT LA SE S b 3R AE AU R 74 ¥ ol <
Jie A= i A3 B B A5 ) 4F AE ( Camargo et al., 2007
Zhang et al., 2010; Yu et al., 2018 ) , Emanuel
(2008 ) A , 52 Wi FAHE e AR i 14 J2 7K VR A 1 A 22
T I AR AH W, PR 5 ] AT AR 5 450 AR A X I
J& . Bruyere et al. (2012) % B, 75 48 & 46 K 74 ¥
TCGF 4 R 728 46 77 T , d5e K 78 7E 9 B A 3 1 XU D)
P8 LR X 3 B8 R 266 Xof Ty B8 B Oy L AT B T —
AN Y A 548 X ( Cyclone Genesis Index, CGI) , i%
o B A, i KV T iR B R e XLV, FE L
RVGHE: TCGF (197 15 AL AL I S5O B4

Murakami and Wang (2010) & 3, GPI,, fiT il &
1) FRT SE AE AT B 5O A AR B A 22, e AR A
TR KA TC AR A, 2% 18 3 R R 3
B I gy % $Aal SR AR ) H AR L AT 500 hPa
MEHEEN AP, @ T GPL,, f5 %, GPl,,, i
FHUGE TR TCGF =5[] 43 A i 8808, U H R TE AR
JUK 7 LA 45 R W > 19 1 &L, Tippett et al.
(2011) fff JHYAAA 919 J5 ¥, #0 1E T GPL 5 41, % 4F
B R X i R I B AR RUE B RCR
fit % ( Menkes et al., 2012), i 4E, Zhang et al.
(2016) F F PR 20 B BTRE A 8 T — DX P L
K- GPL(GPL,, ) |, %48 B AU F 8 v 24, 18
RAEVGAL R V-1 TCGF 1155 [8] 43 A I U 1 A58 1Y

RECEmE 7 & MARBM GPLHA W57
LB Be A T #4 RF8 4r GPIs 72 R AE TC A Y =
) ¢ AIE I bE 4F PR 22 6 2 4 15 £ (Camargo et al.,
2007 ;Zhang et al.,2010; Menkes et al.,2012; Yu et
al.,2018) . Yu et al.(2018) #4 1!, GPL,, ] LI 7R 47 Hb
RAE42 Bk TCGF 14 %3 [A] 73 Al F1 2= 35 16 B4R AL, (HE
TEAU B TCGF 4£ b5 A2 4k J7 T i 2% B ABL-T /& B ARt T
4 AR AL R U PR R AR &, (H X 74 I8 K- TCGF
A1 B A2 A 005 2R e 2% TR okt A SRR, A X /< e
SRt GPL IR K, A WF 58 (BRI A T — 1L,
1979 ; Wang and Chan,2002) 4§ H , #H bt T 78 , P b
IR PR AUIE ) AR i S2 AR 2 T3 B8 52 R BE R, X
FEG VALK v 2= WURE A ¢, T A G I v R (L
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Bt RV AE 58 B ) o R e A B 1 T B AR 2 T
BEH R B R P AE (2012) 5 BE F Y o [E R i
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180°E,5° ~40°N) FRafy e A= iy R RUEE B 858 A 1
AAAE—RE HUIPE 22 53, 70 R S T 3 T Pl g AR
TR GPI(GPL,, ) , MUk 19 GPLy, X ¥ 1 A1 74
AU DX Il e A S 114 5 T A A R PR
PLRE 71, (H7E L & TCGF [ 4F br 78 1k I 36 B 475 4%
A

AR SCM 93 M B8l , AR 3 1979—2017 46K
PG PE PG AL KSF ¥ TCGF 345 17 iR H8 B % 8L,
FAE VAL 25 2R 1y S RE B, XS P9 JE K F ¥ GPL 4y
itk

1 HFRMFGE

AW 5% VF AL B9 GPIs 3 %% 4U 5 Emanuel and
Nolan ( 2004 ) #& # 9 GPI,,, Murakami and Wang
(2010) 4% H4 iy GPI,,, , Royer et al. ( 1998) #2 i 114
GPI,, , Tippett et al. (2011) & H 4y GPIL,., % 7 - &

(2012) #2518 GPL,,, , DA M Zhang et al. (2016) 2 H
E"J GPIzzO /L\\J_:tﬁn‘F:

GPL, =(10° |5 |) 7 RHY (Voo 3(01V+1>‘2 (1)
en = ( 1) (50) (70) AV o

X 3RH VoG L/ —0+0.1
GPl,,, =(10° |5 ) 2(7) ( ) (0.1V.+1) ( )

50 70 0.1
(2)
GPley = | flILk(P.~P)) . (3)
GPL,. =exp(b+b,m,+b,RH+b,V +b, T+
log(cos ¢) ) ; (4)
) ;
0.6 | 10°n \%(%) (01 V.+1) ’2( _“::10']) T

GPlL,y, = 5
s (RHY 2( Voo '/ -w+0.1y 2
0.04\1057,\7(5) (;O) ( “:;l ) AEH s
(5)
T 7.64
GPlL,, =7.4x107 | 10°n, 4, \“(2—6)
F -2.73 D26 0.25
- — o (6>
45 80

(1) (2) (5) H:m Jy 850 hPa 4 Xt i J& ; RH
& 600 hPa AHXF MRS 5V, W e KU TESR & 5V, 850
1200 hPa Z [A] & 1 X V128 ; 0 2 500 hPa 3 1
o ARG H SRR SE (R 107 57 ) 51, =



WA , 45 JAAH STV 76 A 108 B0 X BG40 B G A 5 b RSP ¥ 1 i

§rfv+5 ,¢. 49925 hPa MHXF IR I (L7107 s7) 51, =

sV 1 - 8V
ix—+3 H . —% 925 1 200 hPa Z /i
(5P =<0 ) ,/\EP.&Pj‘J F a 2 i I

B AE (B m - 57" ) 5 Pk Xt B K (B
mm/d) ; P, = 3 (Royer and Chauvin, 2009 ; Chauvin
and Royer,2010;Menkes et al.,2012) , A3 (4) Hr,

T'=SST—SST "™V iy 4 % ¥ 3% 1h I & , m, = min
(n,3.7) ¢ HEE ,b=5.8,b,=1.03,b,=0.05,b, =
0.56,b,=—0.15. A2 (6) d1,m, 0 1 000 hPa %
XFibs BE T it EABIR G 2 R, F o KK
FAS Dy 26 CER LR L AR WF 5 Pl IR &
JRIERE 5 LR L 5 om R BE AL IR 0.2 °C B Y
W .

AR SCAHE T 26 [ 3B G I8 XUE i ool JTWC $i it
Ry PR U e 1 B A MO A, 0 3 Bl e 6 h
— UK 28 25 P8 R B R KT 8 R 5 B 3K 3] s X
2 N DL B B B A e B WE R 4, TC AR L)
A7 E 8 SO W G i 44 I R AL 8 SOXSO R &
4 W i TC 2R U B 80E O TCGF (Wu and
Wang, 2004; Wu et al., 2005) ., #fF 5T B B& & B
1979—2017 4f .

T GPIs Il A A9 AR B3 508 R B MG
i) K A R o0 ( European Centre for Medium-
Range Weather Forecasts, ECMWF) ) ERA-Interim
(Berrisford et al.,2011) -4 #7 A SE W HE4E, 3 &
T VA Bl 5 GPT i 1543 87 58l 48 43 31l & NCEP/
NCAR H70# (9% ( Kalnay, 1996 ) ; 5 H ECMWF
ERAS5 %454 ( Hersbach et al.,2020) ;3K B H AR 4
JTHY JRA-55 % ¥% % ( Kobayashi et al.,2015) . {#i [
()78 B 2 B A L AH XS T8 B, K KU, AR 3
LTI UE  R BR A IR & 2 TR A
ot %0F W B, 0T i R K A T R TR BT BCHE R A
Hadley H.0> iy 4 3K% H 135 743 B i il £ 4 ( HadlS-
ST;Rayner et al.,2003) , VAEVEIR JE K 5 EN4 1R300
i (EN4. 2. 1;Good et al.,2013) ,

SCHVIE R[] A OG AR BOR 30 R T AU ¢ Gt
for 95 J5 ¥, i E AL a=0. 05,

{fi FHZ=75 EOF J5 ¥ (Wang and An,2005) 3k Bt
1979—2017 44 - 7 (90°E ~ 70°W , 40° S ~ 40°N )
i 1 B P 4 B 728 A 5 — 15 2 O AR o L I I R 8 A
HoE Sk ENSO 5 ¥ (it il W 45 , 2018 ), - 2 R

T 1 APrfEZR 6 4 El Ninfio & J& 4F, 73 Jil
198219871991, 1997 ,2009 Fl 2015 4 ; LA Je /N F
-1 AFRHEZER) 7 4> La Ninfia % 4R, 73 51 1984
1988 1998 ,1999 2007 ,2010 #I 2011 4§,

2 MBEGPIELKXKAFMAEIL KT

== g R

FRATHRE 73 590 VAl BEAT GPIs 8K 8LAE 74 ¥ A
VUL K- TCGF (125 ] 53 A3 L 25 15 416 35 7145 A2
(A aAing:OE S
2.1 JeXAF

K1k 1979—2017 AL K P v TCGF 1y 2=
PE¥ 7—9 H =5l 3 A LA &GPl (GPl,,,, .GPI, FI
GPL W) BLAE Sy &l la spal DLW R A&, JL R
T TC EEG BRIy 8—10 H, Hrh 9 A A= i i &
i £, GPly, . GPl,, fl GPl., ¥ fig 4 47 # /2 e
TCGF {9 2515 7 FRReAE , L 55 0000 250 408 1 #H 5C 3 4L
K 0.96, 1M GPL AYIEFHNELE T 8 H,Xx—mY5
WL 25 R AT e 22930, AH 5 %R 0. 95,

WnlE 1o fras, 7—9 A R &R 43 #4442 T
5°~35°N Z [8] #Y £ 74 AR 06 2 BLIK AR Ul 1 MDR
[X.( Main Development Region; Shapiro and Golden-
berg, 1998 ) A % #F ( 20° ~ 65° W, 10° ~ 20° N ),
GPI, \GPI, Fll GPL, 1) %5 [A] 73 A BAHALL , A BE £ 4F
b S5z e A DY R AR R SF- T 3L X TCGF | R (B X,
{EARAL T MDR &8 TC 1Y A U 00 (18] le—f) , =
# 5 TCGF #2205 #) 0.57.0.51 F1 0.53,
i GPLy 7E M 27 HLIA 2 B AL A — > He B A KA
Tl SR VYRR RTE TC AR R DL 5 S PRl A B R 22
5,5 TCGF 43 [l AHSC R A4 0. 44 (& le)

2 45 T VYA GPIs 7547 P i ] JUBE | 9 4
LA . Bk B, 1O i 8RS BE AR 4 T AL
KW 7—9 A TCGF 1 4F Fr & 1k, Ho v GPIL
GPI,,,, Fl GPL,. ¥ A] Ll 3 B i WL i) TCGF 7E 2005
FELIETAY BT, 5 W TCGF /Y 48 Pr 22 16 A1
K BB M 0.63.0.61 F10. 58, H GPI., 1E F£F
TCGF £ 5 22 4k (1) RE 1 A X 55 — 26, K OC R B h
0.40( ¥ 2a—d) , X}F GPIs 5 TCGF B [a] # 5% &
Hoiyzs ) (K 2e—h) 43 A, PUAS GPIs 7 85 74 5
MDR ZR R HR A AH 24 1 DX 38008 3 8 15 R 95% 1)
B E A B, BEAS RE AR 4 3 PR I 32 R XK
TCGF B4R 4k

GPI & ) TCGF 4 Fr 72 4k 1) g J) 5 i i X
H. El Nifio 4£ 1 La Nifia 4E ) 22 5% 2k ¥ 4 ( Camargo
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Fig.1 (a) The annual cycle of TCGF and GPIs in the North Atlantic.(b) The climatological distribution of TCGF and (c—f)
GPIs (c¢:GPI,, ;d:GPl,, ;e:GPI., ;f:GPI,.).In (c)—(f),contours represent the observed TCGF as shown in (b)
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Fig.2 (a—d) The normalized interannual variation of TCGF and the four GPIs in the North Atlantic. (e—h) Distribution of
correlation coefficients between the four GPIs and TCGF.The area framed in black exceeds the 0. 05 confidence level:

(a,e) GPl;(b,f) GPl,, ;(c,g) GPI. ;(d,h) GPL,

et al.,2007) o i EMHFFTRM, ALRVGHE TCGF B9 Z AT Ffh B 5L 3 B /N 9 FBL A 1F 5% (181 3b,
A5 ENSO 45 8022 U 5C (Gray, 1984 Shapiro, ¢ ) ¢ {5 WL $50 47 £ 23 6] FH 56 28 5053 514 0. 44 0
1987 ; Goldenberg and Shapiro, 1996), & 3 X} kb T 0.42, i GPI., Fil GPL,. %% % W] A K ¥ AH . GPI., &
TCGF 5 UF GPIs £ El Nifio 1 La Nifia & J& 4 [ 7L B MDR [X 38 9 17 52 % 0, T GPL 76 b % B
FEAEOMA . AR BL Nifo R AR, MDR ACHEARAIAY i g 11 S5 5 000 9 2 55 0030 0 9 2 )
AN D, HALH 35 % Bk 28 M ) — 7 B IX e X ZBA R 0.42 i1 0. 36,

TCGR M Z ([ 3a)  GPLyHll GPLyy # o7 LUK 2 51 LRSI R A — G2 L (LD
EI Nifio il La Nifia % 4 TCGF 22 H A5 MM ATy e i gy o 0 84 A o P 9 TCGF 1 75 45 06 3R 25
R JL U PR A MR DB SR BLA gyt B2 O RFAE . PR B, GPL il G
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GPl, il GPL,, & il T 9§40 K - 3. Wi 4a 7
R T— 10 J 3 S I 1,8 1 A i i H
SRR 2 1—3 A 3 5 B 4
—%(Chan,2005; Yeh et al.,2010) ., 6 45534 Gt
R 7 3489 51 95 JL K9 o TCGF 19 %545 5 SR A4
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GPL; Fl GPL, M1 5¢ R H i ik 0. 98, 7E %5 (8] 43 4ii Jr
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ooy 5L F E A 5= M f R (Bl 4b) o GPIg .
GPI,, il GPL 1y 25 0] 53 A A AL, 32 B2k i /6 T FF
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Fig.4 (a) The annual cycle of TCGF and GPIs in the WNP.The climatological distribution of (b) TCGF and (c-h) GPIs
(c:GPlL,y;d:GPl,,, ;e:GPI.,;f: GPL,.;g:GPL,, ;h:GPL,,).In (c) to (h),contours represent the observed TCGF as

shown in (b)
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£1 &7 GPIs & GPI, ,—%

Table 1 List of seven GPI indices and the modified new GPI ( GPI,,) specifically for the WNP

JeK 7 7 ALK F
i3 %3k EHZH SN REER AL A RTRAD A
GPIy Emanuel and Nolan (2004) n,RH, V.,V 0.57 0.63 0.96 0.81 0.02 0.97
GPIyw Murakami and Wang (2010) 7,RH,V, .,V ,0 0.51 0.61 0.96 0.82 -0.01 0.97
GPlcy Royer et al.(1998) £l Vo, P, 0.44 0.40 0.96 0.79 0.24 0.97
GPL; Tippett et al.(2011) n,RH, V., T,p 0.53 0.58 0.95 0.83 -0.04 0.98
GPI,y, Zhao et al.(2011) 7n,RH,V, .,V ,0 0.85 0.12 0.98
GPI,, Zhang et al.(2016) n,T,F,Dy 0.83 -0.01 0.97
GPIy, Wang and Murakami (2020) Ve, w,m,U, 0.88 0.25 0.99
GPlyxe AR 3L & Viois Voo f 0.75 0.41 0.98

i (& 4g) . GPIL., [ AT DL 4 21 P A $oafy e
ol (H TR Y H G L B T R (TR de) o S
GPIs 55 WL £ 45 1) =5 18] A OC R B 35 3 0.79 LU
B BTG G R OFVE TC AR UL A ] 43 A 1 g
I TRV

K5 XFH T 45 GPIs 7548 bR B ] RUBE | 14 45 40
SR BAEHCS WLI TCGF f ) 18] AH 56 2 20 51 h
GPI,_ 2} 0.02, GPI,,,, & -0.01, GPI,. 2} 0.04,GPI,,
J3=0.01(1¥ Sa.b.d.f,3& 1), X BRAE HREEK
A AE P9 db K F ¥ TCGF 1y 4E Br 28 1k 19 fE 1.
GPI,., Fl GPL,, AL HIRCR A X 1M 5 W& 4, (HAH D¢ R
A AU 0.24 F10.12( & 5c.e) , I A iE i 0. 05
[ 5 B PER B o R TCGF b 36 31— 2 19 4R 1R b
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(a) The annual cycle and (b) normalized interannual variations of TCGF and GPI,,,, based on NCEP (blue) ,JRA-55

(green) ,and ERA5 (red). The climatological distribution of GPI,,, is based on (c) NCEP, (d) JRA-55, and

(e) ERAS5.The distribution of correlation coefficients between TCGF and GPI,,,, is based on (f) NCEP, (g) JRA-55,

and (h) ERAS5.The area framed in black exceeds the 0. 05 confidence level
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- ARTICLE -
A comparison of tropical cyclone Genesis Potential Indices ( GPIs) and a
modified version for the western North Pacific

CHEN Chun'?,TAO Li'”’

' School of Atmospheric Sciences ,Nanjing University of Information Science & Technology ,Nanjing 210044 , China ;
*Hainan Meteorological Information Center,Haikou 570100, China;

3Key Laboratory of Meteorological Disaster( NUIST) ,Ministry of Education ,Nanjing 210044 , China

Abstract This study evaluates the performance of several existing tropical cyclone (TC) genesis potential indi-
ces (GPIs) in reproducing the observed TC genesis frequency ( TCGF) in the North Atlantic and western North
Pacific (WNP) from 1979 to 2017.The results demonstrate that the existing GPIs can reasonably replicate the cli-
matological distribution,annual cycle, and interannual variability of TCGF in the North Atlantic. However, they
fail to reproduce the interannual variability of TCGF in the WNP.To address this limitation,a modified GPI is de-
veloped for the WNP utilizing best-track TC data and ERA-Interim reanalysis data spanning 1979—2017. The
modified GPI incorporates earth vorticity (the Coriolis parameter) and relative vorticity separately instead of ab-
solute vorticity and excludes relative humidity , which is commonly used in existing GPIs.Compared with the ex-
isting GPIs, the modified GPI can reproduce not only the climatological distribution and annual cycle but also the
interannual variability of TCGF in the WNP, particularly in the southeastern region.Additionally , the modified GPI
is evaluated using NCEP/NCAR,JRA-55,and ERAS reanalysis datasets, demonstrating consistent and improved
performance in reproducing the interannual variability of TCGF, especially when employing JRA-55 or
NCEP/NCAR reanalysis datasets.

Keywords tropical cyclone;genesis potential index ;interannual variability ; western North Pacific
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